Abstract. Clear cell renal cell carcinoma (ccRCC) is a common malignant kidney tumor, the pathogenesis of which remains unclear. The aim of the present study was to investigate whether caspase-10, matrix metalloproteinase-9 (MMP-9) and total laminin (LM) were involved into the pathogenesis of ccRCC. The levels of caspase-10, MMP-9 and total LM were analyzed by ELISA in tumor tissues and adjacent non-malignant tissues of 27 patients with ccRCC. The results revealed that caspase-10 levels in the tumor tissues were significantly higher than those in the adjacent non-malignant tissues (P<0.05). The MMP-9 levels in the tumor tissues were significantly lower than those in adjacent non-malignant tissues (P<0.01). The total LM levels in tumor tissues revealed no statistical difference with those in the adjacent non-malignant tissues (P=0.757). Additionally, caspase-10 levels were positively correlated with MMP-9 levels (P<0.001), but negatively correlated with total LM levels (P<0.05) in tumor tissues. Correlation analyses with clinical data of patients with ccRCC, revealed that caspase-10 levels (P<0.05) and MMP-9 levels (P<0.001) in tumor tissues were positively correlated with tumor grades of ccRCC, whereas total LM levels were positively correlated with tumor size (P<0.05). The results of the present study suggested that interactions between caspase-10, MMP-9 and LM are likely involved in the pathogenesis of ccRCC. A deeper understanding of the correlation between caspase-10, MMP-9 and LM would aid the clarification of pathogenesis of ccRCC.
Introduction
Renal cell carcinoma (RCC) is the most common kidney tumor, accounting for almost 3% of all human malignancies; 70-80% of RCC cases are clear cell RCC (ccRCC) (1) (2) (3) . Metastasis and recurrence rates in ccRCC, as well as its poor prognosis, lead to poor survival rates in patients (4) . Currently, the pathogenesis of ccRCC remains unclear.
Caspases serve an essential role in cell apoptosis. Caspases-10 and -8 act as initiators, whereas caspase-9 acts as an initiator of the intrinsic apoptosis pathway. Caspase-3 is considered to be the main effector caspase involved in extrinsic and intrinsic pathways (5) . Alteration of the apoptotic pathway is essential for tumor development; thus, analysis of the expression levels of caspases in tumor tissues is necessary for a deeper understanding of tumor biology. In a previous study, immunopositivity of caspase-10 was observed in 58 (97%) of 60 advanced gastric adenocarcinomas using immunohistochemistry (IHC) using tissue microarrays (5) . Tumor necrosis factor-related apoptosis-inducing ligand, which induces apoptosis in Ewing's sarcoma family tumors, requires caspase activation; furthermore, caspase-10 was revealed to be activated earlier than other caspases in the signaling pathway (6) . cDNA microarrays also revealed that caspase-10 was downregulated in gastric carcinoma, compared with adjacent non-cancerous tissue (7) . The antitumor effect of immunotherapeutic and chemotherapeutic agents is executed through stimulation of apoptotic programs, via the activation of members of the caspase family in susceptible cells. Resistance to drug-inducing apoptosis in RCC cell lines is considered to be correlated with downregulation of caspase-10 (8). Nevertheless, it remains unclear whether caspase-10 is involved in tumor development, particularly in RCC.
Matrix metalloproteinases (MMPs), a family of zinc-dependent endopeptidases, are capable of degrading components of the extracellular matrix and are implicated in tissue remodeling and tumor infiltration (9) . Using various methods, a number of studies have analyzed MMP-9 expression or its activities in tumor tissues, sera, plasma or urine of patients with RCC. For example, IHC analysis revealed that MMP-9 levels in tumor tissues of RCC were significantly higher than those in non-malignant tissues, and MMP-9 overexpression was positively associated with clinical staging, pathological grade and metastasis, and the shorter survival rate of RCC patients (9) (10) (11) (12) . In addition, pro-MMP-9, but not activated MMP-9, was detected using gelatin zymography and western blot in RCC samples (13) . BIOTRAK activity assay systems and in situ hybridization also established higher MMP-9 mRNA and protein levels in tumor tissues than those in adjacent non-malignant tissues (10, 14) . Additionally, cDNA microarray and gelatin zymography revealed that MMP-9 transcript levels were strongly correlated with MMP-9 enzymatic activity, disease-free survival rate and metastasis in RCC, suggesting that MMP-9 may be regulated at the transcript level and may be a candidate of predictors of disease-free survival rate in RCC patients (15) . Other studies investigated 16 patients with ccRCC with ELISA assays, and revealed that MMP-9 levels in sera, urine and plasma samples were higher in patients with ccRCC than in healthy controls (14, 16) . Gelatin zymography or ELISA were also used for analysis of sera and urine of 16 patients with ccRCC, and revealed that MMP-9 activity or expression levels in sera and urine may not be useful biomarkers for kidney carcinomas, despite opposing conclusions in other publications (17, 18) . Therefore, the majority of these studies suggested that MMP-9 may be involved in the pathogenesis of RCC.
Laminins (LMs) are large molecular-weight trimer glycoproteins consisting of α, β and γ subunits, which integrate in almost all basement membranes (BMs) (19) . A previous report has suggested that LM trimers are assembled inside the cell, and the extracellular proteolytic processing of various subunits leads to their final forms (20) . In addition to their function as a scaffold for BMs, LMs can also interact with cell surface receptors, including integrins, to control signaling events that regulate cell proliferation, migration and differentiation (21, 22) . During tumor invasion, loss of the BM barrier occurs and a discontinuous pattern of LM staining is observed (23) . IHC results indicated that the loss of LM in tumor tissues was significantly correlated with symptoms, tumor size and higher tumor grades in 75 RCC cases (24) . In other studies, which also used IHC, tumor BMs of RCC revealed immunoreactivity for subunits of LMα1, LMβ1, LMγ1 and LMβ2 (25, 26) . Additionally, in cultured RCC cells, an abundant production of LM111, but not of LM332, was observed, whereas xenografts of the same cell revealed BM-confined immunoreactivity for LM111 and LM332 (25) . Assessment of microarray data of early metastatic and non-metastatic ccRCC samples confirmed LMα1, LMα2 and LMα4 as potential target genes associated with early metastatic ccRCC (27) . Western blot analysis conducted in another study revealed that LM levels in urine of patients with RCC were significantly lower than those in healthy controls (28) . All these results imply that abnormal expression of total LMs or certain LM subunits are possibly correlated with RCC.
The purpose of the present study was to investigate the expression levels of caspase-10, MMP-9 and total LM in tumor tissues and their adjacent non-malignant tissues of patients with ccRCC, and further elucidate the possible correlation of the three factors and ccRCC, and the possible correlation among these factors and clinical data of patients with ccRCC.
Materials and methods

Patient tissue samples.
Tumor tissues and adjacent non-malignant tumor tissues were collected from 27 patients (14 male, 11 female and 2 unknown; mean age, 57.8; age range, 42-70) with ccRCC who underwent surgical procedure at the Department of Urology, Harbin Medical University Cancer Hospital (Harbin, China) from March 2015 to May 2017. Diagnosis of tumors was made by the usual clinical laboratory criteria and confirmed postoperatively by histopathological findings (16) . The tumors were classified for grade and stage according to the pathological Tumor-Node-Metastasis (pTNM) classification (29) . The clinical information of these 27 patients is summarized in Table I . Written informed consent was obtained from all patients. All experiments were conducted under approval from the Internal Review Board of Harbin Medical University and in compliance with the Declaration of Helsinki.
Tissue protein lysate preparation and protein concentration determination. Tissue samples were lysed with cold radioimmunoprecipitation assay buffer (cat. no. P0013B; Beyotime Institute of Biotechnology, Shanghai, China) at 4˚C overnight. Following centrifugation at 14,000 x g at 4˚C for 20 min, the supernatant was harvested as tissue protein lysate, which was stored at -80˚C until use. The protein concentration of all tissue protein lysates was measured using a bicinchoninic acid assay kit (cat. no. P0011; Beyotime Institute of Biotechnology, Shanghai, China) according to the manufacturer's protocols. Tissue protein lysates were diluted to a concentration of 1 µg/ml prior to the any subsequent experiments.
ELISA. Capsase-10, MMP-9 and total LM levels in tumor tissues and adjacent non-malignant tissues of patients with ccRCC were determined by a capase-10 ELISA kit (cat. no. JL45340; Jianglaibio, Shanghai, China), MMP-9 ELISA kit (cat. no. CSB-E08006h; Cusabio, Wuhan, China) and total LM ELISA kit (cat. no. E-EL-H0128c; Elabscience, Houston, TX, USA), respectively. The antibodies used in the LM ELISA kit were polyclonal antibodies against all types of LMα, LMβ and LMγ subunits. All experiments were performed according to the manufacturer's protocols for the respective ELISA kits. All sample measurements were repeated twice.
Statistical analysis. All sample measurements were repeated twice and the data were presented as mean ± standard deviation. Statistical analysis was performed using SigmaPlot 12.0 (Hulinks, Inc., Tokyo, Japan). Paired Student's t-tests and Wilcoxon signed rank tests were used to compare the difference between caspase-10, MMP-9 and total LM levels in tumor tissues and their adjacent non-malignant tissues in patients with ccRCC. Pearson's correlation was used to analyze the correlation between ccRCC clinical data and caspase-10, MMP-9 and total LM. P<0.05 was considered to indicate a statistically significant difference.
Results
Detection of caspase-10, MMP-9 and total LM in tumor and adjacent non-malignant tissues of patients with ccRCC by
ELISA. Tumor tissues and adjacent non-malignant tissues were obtained from 27 patients with ccRCC. The protein concentration of all tissue protein lysates was analyzed and resuspended at 1 µg/ml. ELISA kits were then used to detect caspase-10, MMP-9 and total LM levels in these protein lysates. The caspase-10 levels in the tumor tissues were significantly higher than those in the adjacent non-malignant tissues (P<0.05; Fig. 1A) . However, the MMP-9 levels in the tumor tissues were significantly lower than those in the adjacent non-malignant tissues (P<0.01; Fig. 1B ). No statistical difference was observed between the total LM levels in the tumor tissues and those in the adjacent non-malignant tissues (P=0.757; Fig. 1C) .
Correlation of caspase-10, MMP-9 and total LM protein levels in tumor and adjacent non-malignant tissues of patients with ccRCC. The protein levels of caspase-10, MMP-9 and total LM in tumor and adjacent non-malignant tissues were subjected to correlation analyses. In the tumor tissues, caspase-10 levels were positively correlated with MMP-9 levels (P<0.001; Fig. 2A ), but MMP-9 levels revealed no correlation with total LM levels (P=0.094; Fig. 2B ) and total LM levels were negatively correlated with caspase-10 levels (P<0.05; Fig. 2C ). In adjacent non-malignant tissues, the levels of caspase-10, MMP-9 and total LM exhibited no correlation among each other (Fig. 2D-F) .
Correlation of ccRCC clinical data with the levels of caspase-10, MMP-9 and total LM. The clinical data of the patients with ccRCC involved in the present study are presented in Table I . Positive correlation was revealed between tumor grades and maximal tumor diameters (P<0.05), but no other correlation was revealed among the parameters of the clinical data of patients with ccRCC (data not shown). Analyses were next performed between the levels of caspase-10, MMP-9 and total LM and the clinical data of patients with ccRCC, including age, sex, tumor grade and maximal tumor diameters. The statistically significant data are included in Fig. 3 . The tumor grade of patients with ccRCC was positively correlated with caspase-10 levels (P<0.05; Fig. 3A ) and MMP-9 levels (P<0.001; Fig. 3B ) in the tumor tissue. In addition, the maximal tumor diameter was positively correlated with the level of total LM in the tumor tissue (P<0.05; Fig. 3C ).
Discussion
In the present study, caspase-10, MMP-9 and total LM levels in tumor and adjacent non-malignant tissue from 27 patients with ccRCC were detected by ELISA. The tumor tissues revealed significantly higher levels of caspase-10 and lower levels of MMP-9 than the adjacent non-malignant tissues, but similar total LM levels. Statistical analysis indicated that caspase-10 levels were positively correlated with MMP-9 levels (P<0.001), but negatively correlated with total LM levels (P<0.05) in the tumor tissues. Correlation analyses confirmed that levels of caspase-10 (P<0.05) and MMP-9 (P<0.001) in tumor tissues were positively correlated with ccRCC tumor grades, and total LM levels in the tumor tissues were positively correlated with the tumor size in patients with ccRCC. Caspase-10 has been investigated in tumor-related studies mainly due to its involvement in cell apoptosis. To the best of our knowledge, the current study is the first report on caspase-10 detection in tumor tissues from patients with ccRCC. Using ELISA, it was confirmed that caspase-10 levels in tumor tissues from patients with ccRCC were significantly higher than those in the adjacent non-malignant tissues. Furthermore, caspase-10 levels in tumor tissues were positively correlated with the tumor grades of patients with ccRCC. These results indicated that caspase-10 may promote tumor development and be a potential pathological marker for ccRCC. Furthermore, it was revealed that caspase-10 levels were positively correlated with MMP-9 levels (P<0.001) and negatively correlated with total LM levels (P<0.05) in the tumor tissues. These results imply that caspase-10 may promote tumor development of ccRCC via upregulation of MMP-9 and downregulation of LMs, which should be clarified in future studies.
MMP-9 protein expression levels in patients with RCC have been reported in a number of studies, the majority of which analyzed MMP-9 levels in tumor tissue samples by IHC. The findings of these investigations revealed that MMP-9 levels in tumor tissues were higher than those in the adjacent non-malignant tissues, and MMP-9 overexpression was positively correlated with tumor grades of patients with RCC (9-12). In the present study, MMP-9 levels were analyzed by ELISA; it was revealed that MMP-9 levels were significantly lower in tumor tissues than in the adjacent non-malignant tissues of ccRCC, which is contradictory to previous studies (9) (10) (11) (12) . The different tissue samples and methods used for detection of MMP-9 levels may have led to these discrepancies in results. The contradictory results may also imply the complexities of the role of MMP-9 in the pathogenesis of RCC. In the present study, it was confirmed that MMP-9 levels in tumor tissues were positively correlated with tumor grades of ccRCC (P<0.001), which is consistent with the results of previous studies (9, 11) . The finding from the present study indicated that MMP-9 may promote tumor development in ccRCC. However, this point also seems to be contradictory to the relatively lower MMP-9 levels in the tumor tissues, compared with those in the adjacent non-malignant tissues. Therefore, it is hypothesized that MMP-9 levels in the tumor and the adjacent non-malignant tissues may be independent, or be two different isoforms of MMP-9 with different functions. Further analyses of the various molecular weights of MMP-9 in the tumor and adjacent non-malignant tissues of RCC cases and their functions using experimental models may be of use. MMP-9 is known to enhance tumor migration and angiogenesis via degradation of extracellular matrix molecules including LMs (30) . In the present study, MMP-9 levels in the tumor tissues of ccRCC tended to be negatively correlated with the total LM levels (P=0.094). This result suggested that MMP-9 may contribute to the pathogenesis of ccRCC via degradation of LMs. The lack of statistical significance may be caused by the limited numbers of samples analyzed or targeting of only certain LM subunit(s)/trimer(s) by MMP-9. Therefore, it is necessary to clarify what LM subunits or LM trimers are influenced by MMP-9 in ccRCC.
During tumor invasion, the BM barrier is removed, and a discontinuous pattern of LM staining is observed (23) . In RCC, LM loss in the tumor tissues, as established by IHC, was suggested to be correlated with symptoms, tumor size and a higher tumor grade (24) . However, in the present study, no differences in total LM levels in the tumor and adjacent non-malignant tissues of ccRCC were revealed by ELISA. These discrepancies in results may be due to the different detection methods used. ELISAs which used coating and primary antibodies against LMs in the present study may have a relatively higher specificity than IHC, in which only the primary antibody is used. In the present study, it was also demonstrated that total LM levels in tumor tissues were positively correlated with tumor size in patients with ccRCC, which is similar to the findings of a previous study (24) . This result suggested that LMs in tumor tissues may promote the tumor development in ccRCC. Therefore, considering the results obtained, it can be concluded that certain LM subunit(s) or trimer(s) likely contribute to tumor development. LM has 5 α, 3 β and 3 γ subunits and their distribution is tissue-specific (20) . LM exists extensively in malignant cells, non-malignant cells, BM and endothelial cells of blood vessels (20) . Therefore, in tumor tissues of patients with RCC, the total LM levels reflect the levels of various LM subunits in all cells and tissues involved. It has been suggested that RCC tumor tissues may have LMα1-4, LMβ1-3 LMγ1-2 subunits (25) (26) (27) . In future studies, it is necessary to define what LM subunit(s) contributed to the total LM changes in RCC tumor tissues and to elucidate the possible mechanisms of pathogenesis.
It is well accepted that decreased expression levels of caspase-3 and LMs and increased MMP-9 in tumor tissue were linked to the pathogenesis of tumor development in various malignant types of cancer (23, 31, 32) . By contrast, increased caspase-10, decreased MMP-9 and unchanged total LMs were revealed in the tumor tissues of ccRCC in the present study. These apparently discrepant results provide new and important insights into the pathogenesis of ccRCC. The positive correlation between caspase-10 and MMP-9, the negative correlation between caspase-10 and total LMs imply that caspase-10, MMP-9 and LMs may regulate each other in vivo and contribute to the pathogenesis of ccRCC. In the present study, tumor grades were positively correlated with maximal tumor diameters in patients with ccRCC. Caspase-10 and MMP-9 were positively correlated with tumor grades but not tumor diameters, whereas total LMs were positively correlated with tumor diameters but not tumor grades; these results appear to be contradictory. It is hypothesized that caspase-10 and MMP-9 may contribute directly to tumor invasion (one factor of tumor grade) and indirectly to tumor diameters (another factor of tumor grade) by regulation of LMs.
The lower number of tissue samples of patients with ccRCC and the application of only one detection method are limitations of the present study. Therefore, further studies with a greater number of tissue samples and detection methods would be of benefit. In addition, the correlation among caspase-10, MMP-9 and LM in in vitro and in vivo experimental models of ccRCC should be investigated in future studies.
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